
T
UNCLASSIFIED

AD 26 4 3 6 6

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

REPRODUCED FROM
BEST AVAILABLE COPY

UNCLASSIFIED

I
I
IV



NOTICE: When goveziieut or other drawings, speci-
fications or other data are used for asy purpose
other than iii connection with a definitely related
government procurement operation, the U. S.
Go)vernment thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have fozunulated, furnished, or in any way
supplied the said draiwngs, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



FIRST QUARTERLY REPORT

I COMPATIBLE TECHNIQUES

I FOR
INTEGRATED CIRCUITRY

.1 U. S. AIR FORCE
I CONTRACT NO. AF33(616)8276

prepared for

I ~' U. S. AIR FORCE

AERONAUTICAL SYSTEMS DIVISION

I I/JRIGHT-PATTERSON AIR FORCE BASE, OHIO

@MOTOROLA -Semiacinduictar Pr~mducts Inic.
BOOS, EAST MCDOWEL ROAD HONX ARIZONA A ()A. fl a NC



FIRST QUARTERLY REPORT

COMPATIBLE TECHNIQUES FOR INTEGRATED CIRCUITRY

Period of 4 May 1961 - 4 August 1961

U.S. Air Force
Contract No. AF 33(616)8276

Prepared for

U.S. AIR FORCE
AERONAUTICAL SYSTEMS DIVISION

WRIGHT-,PATTERSON AIR FORCE BASEt OHIO

Prepared by

MOTOROLA INC.
SEMICONDUCTOR PRODUCTS DIV.

PHOENIX, ARIZONA

1 September 1961



TABLE OF CONTENTS
I5

U Section Title e

1.0 Introduction 1

2.0 Process Development and Process Compatibility 2
2.1 Epitaxial Growth 2

2.1.1 Silicon Epitaxial Layers 2
2.1.2 Closed Tube Epitaxial GaAs 5
2.1.3 Evaluation of Epitaxial Layers 10
2.1.4 Evaluation of Multiple Layer Epitaxial

Growth Through Active Structural
Fibrication 14

3.0 Compatible Thin-Film Technology 19
3.1. Introduction 19
3.2 Deposition of Glass Films 20

3.2.1 Pyrolysis 20
3.2.2 Technical Effort for the Reported

Period 25
3.3 Tantalum Oxide Capacitors 28

3.3.1 Accomplishments for the Reported
Period 32

3.4 Tin Oxide Resistor Films Deposited on
Semiconductor Substrates 34
3.4.1 Current Work 35

4.0 Semiconductor Technology 37

5.0 Photomechanical Technology 42

6.0 Advanced Mechanical Technology 45

7.0 Ceramic and Module Technology 50

8.0 Circuit Considerations 54

9.0 Integrated Circuit Technology 62

10.0 Summary of Project Man Hours Expended During
First Quar ter 67

• ii-



TABLE OF CONTENTS (Continued)

ApedxTitle Page

A Thin Film Resistor Power Dissipation 68

B Preliminary Report on a Survey of Electronic
Circuitry 77
1.0 Introduction 77
2.0 Conclusions 77
3.0 Generic Circuit Function Analysis 78
4.0 Electronic Equipment Survey 79
5.0 Data Reduction and Results 80

C Thin Film Component Values Required for
Integrated Circuit Desi~n 90

- iii-



LIST OF ILLUSTRATIONS

Figure
No. Title

2-1 Flow Schematic for HSiCl 3 Pick-Up 4
2-2 GaAs Crystal Surfaces 6
2-3 Weight Gain of Germanium Substrate as a

Function of HCI. Charged Pressure 8
2-4 Layered Silicon Structures 12
2-5 Typical Plots of Resistivity Versus Depth 13
2-6 Impurity Doping Profile in Grown Base Silicon

Transistor 17

3-1 Basic Pyrolysis Equipment 22
3-2 Double-Zone Pyrolysis Equipment 24

4-1 Planar Epitaxial Flow Chart 39

5-1 Basic Steps of Photographic Mask Fabrication 43

6-1 Thermo-Compression Wire Bonding Equipment 46
6-2 Epitaxial Star Planar Configuration 47
6-3 Die Interconnection 49
6-4 Wire Bonding on 0.7'' Silicon Wafer 49

7-1 Selective Metallization Pattern for Beryllium
Ceramic Disk 53

8-1 NAND Circuit 56

9-1 Interconnection by Thin Aluminum Film 64
9-2 Integrated NOR Circuit on Single Silicon Slab 64
9-3 Multiple Transistor Darlington Amplifier

Structure 64

A-I Sketch of Substrate Showing Resistor Pattern 69
A-2 Plots of Current Versus Applied Voltage for 71
thru A-6 Different Substrates thru 75
A-7 Test Results with Aluminum Block as Heat Sink 76

j. -iv-



1.0 INTRODUCTION

This report covers the first quarter's efforts in develop-

ing compatible techniques for integrated circuitry on contract

AF 33(616)8276.

Most of the effort to date has been spend in developing

procecs techniques which are necessary for integrated circuit

fabrication. This effort has been both in morphological areas

and thin films as applied to semiconducting substrate.

Further efforts in perfecting our epitaxial techniques

are reported. A program has been started to develop and fabri-

cate typical circuits which are practical for a wide range of

high and low frequency amplifier applications. This period

terminates all contractual efforts in the development of

logic circuitry.
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2.0 PROCESS DEVELOPMENT AND PROCESS COMPATABILITY

2.1 EPITAXIAL GROWTH

2.1.1 Silicon Epitaxial Layers

The development of techniques for growing single and

multilayer structures of controlled thickness and resistivity

continues.

Presently, silicon films are deposited with the growth

1,1,1. oriented. Deposition is carried on in a horizontal,

open tube, flow system, with the reactant bases flowing

parallel to tbe direction of growth propagation. RF induction

heating is used with a I )"' wide X 6" long X thick graphite

susceptor which accommodates seven 3/4' diameter wafers placed

in a row.

The reaction beng used is the thermal decomposition of

trichlorosilanc wlich.is carried by hydrogen. Several systems

for pickup of the vapor and the control of its concentration

in the gas phase have been investigated. These systems were

essentially the same, In that metered hydrogen paaees over

trichlorosilane liquid, helu ar constant temperatuxe, and

1)icks up the vapor via evaporation transporting it to the

reaction zone. A diagram of the system finally settled on



is shown in Fi{ur_ 2-i. Concnr. ixAtioil cor-trol wi- tlic

system is well within± 10%,allowing ±+ 10% film thickness

control. This system also has the advantage of allowing one

to vary the concentration of the vapor over a wide range.

It has been found that the rate of silicon deposition

per unit area Microns/Min is nearly independent of gas flow

rate and substrate temperature, but depends almost entirely

on the concentration of trichlorosilane in the hydrogen

carrier gas. A simple linear equation relates the deposition

rate to'the concentration. This is

Dsi = K YliSiCI 3

where

Dsi = Average deposition ratu of silicon in
Microns/Minute

YhSiCi3 = Mole fraction of trichlorosilane in the

gas phase -- Dimensionless

K = Reaction rate constant O0 Microns/Minute

This equation indicates the reaction is a simple decomposi-

tion reaction with the deposition rate depending solely on

the diffusion rate of trichlorosilane to the substrate sur-

face, and should be proportional to its concentration in the

gas phase. It has been found that the deposition rate varies

from the head wafer on the susceptor to the last wafer by

-3-
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40% with the greatest growth on the head wafer. It is also

possible to find growth variations across the wafers. These

effects are probably due to the Prandtl boundary layer which

theory indicates should be smallest at the leading edge and

become thicker progressing down the susceptor. This type of

layer would allow greater diffusion of trichlorosilane to the

first wafer than to the last.

2.1.2 Closed Tube Epitaxial GaAs

A disproportionation reaction between GaAs and hydrogen

chloride gas leads to the deposition of GaAs on a suitably

prepared germanium wafer:

3GaAs -.- 6 H Cl - GaAs + 2 Ga CI3 r 1 As4 + 3 H2

With the reactants at a higher temperature than the products,

the reaction goes from left to right. Single crystal films

are deposited with the reactants in the range of 700 - 750°C

and a 400 - 70 0 C temperature difference between reactants and

substrate.

Present surfaces are terraced and pyramided e3pending

upon growth conditions (Figure 2-2). In order to attain

smoot~h surfaces on t.he deposited films a series of runs was

made. Source and substrate temperatures and time of reaction

-5-
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were held constant and the H Cl pressure progressively

reduced. It was expected that as the pressure was lowered

the reaction would be slowed and the growth rate reduced. It

appears that the growth rate must be lowered in order to

produce smoother surfaces.

However, as the H Cl pressure was reduced, the growth

rate was found to increase (Figure 2-3). The GaAs charge

and germanium wafer are separated in the ampoule by a distance

of five inches. Since deposition cannot start until the

reactants reach the substrate, gas diffusion down the ampoule

may be controlling the growth rather than reactant pressure

over the substrate. Lower presures then are believed to

give a faster diffusion rate of reactants to the substrate

and are producing a heavier growth in two hours.

An attempt was made to run a series of ampoules with

pressure and source temperature constant, varying only

substrate temperature. However proper control of pressure

and temperature was not possible and results were erratic.

-7-
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Deposit thicknesses are measured by beveling and staining

techniques. Germanium substrates used to date have been

heavily doped p-type. Beveling and staining reveals an n-type

diffused germanium layer beneath t.Le GaAs. Calculations con-

firm that arsenic would produce junctions at the depths

measured.

Thermal probe readings of the GaAs show the material

to be n-type. Since there is an initial reaction between

H Cl and germanium, Ge C14 is also found in the gas phase and

is probably doping the GaAs upon deposition.

Special Problems:

The gas measuring cLamber for F- Cl has been redesigned

to allow more precise measurement of low H Cl pressures.

This should give better control of pressure as a growth para-

meter. Also better control and measurement of temperatures

is necessary.

The question of interdiffusion between the epitaxial

GaAs and germanium substrate must be better understood as far

as possible diffusion of germanium into the'GaAs is concerned.

The question of contamination of the GaAs by vapor phase

doping of germanium must also be answered.

-9-



2.1.3 Evaluation of Epitaxial Layers

A great amount of time has been spent on the analysis

of epitaxial structures. This analysis has proceeded in two

general directions. The first is that of actually picturing

or showing the various structures that are grown. The second

is the use of an anodization technique for determining the

resistivity gradient as a function of depth below the surface.

In the direction of showing the structures, methods have

been developed for the delineation of various silicon epitaxial

structures. Using these procedures, it has been possible to

show various resistivity fluctuations within a region of one

conductivity type, as well as P-N junctions. In this manner,

delineated pieces may then be measured for region thickness

by use of an optical interferometer.

The chemical solution that is used for delineating diff-

erent silicon structures is composed of hydrofluoric acid,

hydrogen peroxide, and water. The proportions vary depending

on the structure.

The silicon to be delineated is beveled at an angle of

1 30' although tLis angle has no effect on subsequent stain-

ing. The chemical solution is applied to the beveled surface

and using a concentrated white light the structure is shown.

-10-



The actual mechanism involves a slight oxidation. The rate

of oxidation is different for the different regions within

the structure. The results are readily visible. Typical

examples are sLwn in Figure 2-4.

The second difection for analysis is that of anodization.

The anodizations have been carried out on P-regions only.

These P-regions were grown on an n-region. Thus, four point

probe measurements of sheet resistivity, could be made. From

this and the thickness data, secured from beveling and staining,

it was possible to calculate bulk resistivity. The anodizing

solution is composed of sodium tetraborate and boric acid.

Several plots of resistivity versus depth were made. Two

typical ones are shown in Figure 2-5.

In practice approximately one-thousand Angstroms is

anodized, removed with hydrofluoric acid and the resistivity

is measured. As can be seen from the graphs, the resistivity

increases near the junction.

Another method of determining the properties of epitaxial

layers is through the analysis of characteristics of devices

that are made incorporating the epitaxial layers. For example,

transistors were made with diffused emitters and bases and

having epitaxial collector regions. Through a detailed
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analysis of their characteristics, information on the resis-

tivity, effective thickness, and structural perfection of the

epitaxial layers was obtained.

2.1.4 Evaluation of Multiple Layer Epitaxial Growth Through

Active Structural Fabrication

With the advent of the techniques for growing epitaxial

films of silicon and germanium, the question arises as to how

the metriod compares to a well established technique such as

diffusion. The present commercial epitaxial transistors con-

sist of thin epitaxially grown collector regions into whLch

the base and emitter are diffused. By controlling the impurity

during growth, it is theoretically possible to produce a

completely grown epitaxial structure. One must then decide

what advantages, if any, accrue. Since this is exactly the

problem faced by those wiio wish to make epitaxially grown

integrated circuits, it is felt that building a 2N834

state-of-th -art transistor using epitaxial techniques is a

suitablk first step in building complete circuits of these

films.

There are several advantages to Lniis approach. For

instance, a standard for comparison is readily available in

the 2N834, commercially available, transistor with which

-14-



considerable experience has already been accumulated. This

standard has the same geometry so we can compare grown junc-

tions with diffused junctions both highly doped and lowly

doped (emitter to base and base to collector junctions

respectively). We can also compare these transistors with

non-epitaxial units such as the 2N706.

Several hundred units have been made that fulfill the

essential 2N834 specifications. These have grown base and

collector regions and diffused emitters. A considerable

amount has been learned about the material requirements for

making such units. For instance, units have been success-

fully made with emitter base junction depths that range from

0.4 to 2.4 microns. Base widtis vary from 0.2 to 1.3 microns.

The total emitter and base region thicknesses have varied

from 1.4 to 3.3 microns. The base region resistivities on

successful units have ranged from 0.7 to 0.04 ohm-centimeters.

The present material specification for making the grown base

and collector unit are as follows:

1) polished n-type substrate 5 ± .5 mils thick of
.01 ohm-cm resistivity;

2) epitaxial n-type film 6 microns thick of 2 - 5
ohm-cm resistivity;

3) finally a p-type film on top having a thickness.
of 1 to 2 microns; a resistivity Pb such that

-15-



.05<'pb<.l ohm-centimeter. Such material can
be supplied to specification now that the
effects of the various processing steps on
the material have been determined.

As an illustration, the impurity doping profile has been

reproduced for a typical unit in Figure 2-6. The first

thing to note is the profile labeled 1 which is the ideal

structure which the crystal grower tries to grow, with step

junctions separating flat regions of constant doping.

Curves labeled 2 (dashed curves) are those which exist

at the end of the film growth period when the wafers are

ready to be used for m:'king devices. Note that the step

junctions no longer exist but in their places are diffused

type gradients. These have arisen from the diffusion of

impurities from regions of high concentration to regions of

lower concentrations.

The curves labeled 3 are the final doping profile of

the device after growing a masking oxide, diffusing in the

emitter, and alloying,

Note that in order to come out with an actual base-

collector junction depth of 2 microns and a high resistivity

n collector region 6 microns thick the grower must actually

grow 12 microns of film of which 10.9 microns is n-type and

-16-
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1.1 micron is p-type. Diffusion that occurs during growth

then gives the desired dimensions.

i
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3.0 COMPATIBLE THIN-FILM TECHNOLOGY

3.1 INTRODUCTION

During recent years the technology of thin films has

been extended to serve as a new method for manufacturing

electronic components and systems. In general, passive

substrates such as glass or ceramic have served as mechani-

cal supporting members for the thin-film circuits. The

thin-film deposition processes which have been developed,

are those which are compatible with glass or refractory

ceramic substrates. This portion of the report discusses

the programs and progress made to date on the-development

of thin-film technologies which are compatible with semi-

conductor substrates. The aim is to provide low cost

processes for constructing thin-film electronic components

on small areas of semiconductor substrates without destroy-

ing active elements previously constructed within the sub-

strates.

The following thin-film programs have been initiated

on this contract to establish compatible processes for con-

structing thin-film components on semiconductor substrates.

-19-



In general, they are extensions of programs which previously

have been sponsored entirely by Motorola.

3.2 DEPOSITION OF GLASS FILMS

This task has been initiated to develop means for

depositing glass films on semiconductor substrates by means

which are compatible with other thin-film and semiconductor

materials and technologies. Techniques previously developed

at Motorola for depositing glass films are to be refined for

this particular application. The goals are to provide glass

films for use as:

a. A dielectric film for capacitors

b. An electrical insulating film for conductor
cross-over insulation

c. An encapsulant film for thin-film components.

3.2.1 Pyrolysis

Pyrolysis is a general method for forming thin films,

both inorganic and organic. By the application of heat, a

volatile chemical compound is decomposed into an element or

a simpler compound •'hich is non-volatile, plus various vola-

tile byproducts. Trr example, tri-isupiopyl aiuminate is

pyrolyzed to alumina as follows:

-20-



2A1(0o 3H7 )3  A _ _ A1203 + 3C3H7 oH
800-1000-C

The alumina deposits on a substrate as a thin film of

refractory, insulating material, while the byproducts pass

out of the deposition zone and are discarded.

[ Pyrolysis is distinguished from vapor plating in that it

comprises thermal decomposition of a vapor in an inert

carrier gas such as nitrogen or argon, whereas vapor plating

involv~s the reaction of a vapor with an active carrier gas.

In the usual pyrolysis technique, a substrate is placed

in a cont(olled heat furnace (see Figure 3.1). Carrier gas

of knowi, pressure is metered so that some of it passes through

the volatile starting material, which may or may not be

.-ated. The carrier gas thus brings a controlled amount of

itarting material vapor into the furnace. Pyrolysis occurs,

and the desired product is deposited on the substrate.

Furnace temperatures from 1800 to 1500 0C are normal, and

preusures from atmospheric to as low as 2 mm/Hg are used. It

can be .een that the technique 'is inefficient, since more

product is usually deposited on the furnace walls than on

the substrate. This can be overcome, however, by employing

S- 2].-
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A

induction heating on a conductive block which also serves as

substrate support.

Volatile byproducts of the pyrolysis are exhausted to a

trap by the application of a slight differential pressure.

One of the requirements of engineering a thin film onto

an integrated circuit is that the substrate time-temperature

product during deposition should not be such as to permanently

change electrical and physical characteristics of a set of

circuit elements already fabricated thereupon. In this

ColntlecLion, Motorola has done extensive work on a process for

depositing pure silica, silica based glasses, or silicone

polymers on substrates the temperature of which does not

exceed 200'C. This approach utilizes a Motorola innovation

called double-zone pyrolysis.

Figure 3.2 schematically shows an apparatus for double-

zone pyrolysis. The essential feature i• supaaL-ion between

the pyrolysis and deposition zones, so that the latter can

be held at a much lower temperature than the former. Thus,

by passing a mixture of silicon and boron containing organic

compounds through tLhe pyrolysis zone at 800-1000°C, a clear

borosilicate glass can be deposited on a substrate whose

temperature need not rise above 150 'C. Because it is

-23-
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A

necessary to ensure that organic byproducts of the pyrolysis

do not condense with the glass on the cooler substrate, it is

necessary to maintain both zones at reduced pressure

(3-5mm/Hg). Furthermore, when producing pure silica glass

deposits, care must be used to exclude moisture as a

byproduct of the pyrolysis, since pure silica has high

affinity for water molecules.

The pyrolytic application of inorganic glasses offers

a number of advantages. These include:

1. Freedom from grains and pinholes; ability to
fill in irregularities and "go around corners.'"

2. Low deposition temperature compatible with other
materials and processes.

3. Excellent electrical properties (high dielectric
strength, low loss, etc).

4. High chemical and physical durability.

5. Low volume permeability to moisture and a low
permeability along the interface between the
glass and a dissimilar material.

3.2.2 Technical Effort for the Reported Period

Effort was devoted during this report period to the

investigation of means to increase the Q of glass capacitors

for applications at high frequency, The series resistance

introduced by the sheet resistance of the thin-film metal

-25-
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electrodes has been identified as the major source of loss

for these capacitors, The effect of various metal films

utilized for the electrodea was studied as was the agfng

characteristics of cpacitnrs constructed with aluminum

electrodes. The so,_,rc' mat7e-cial utilized in the double-zone

pyrolysis glasu n to fori the quartz

dielectric films ý:a- dAi~c;Lu:ylic I.. l-.orthosilicate.

Table 3.2.1 _.. ) .i 2]i/2'i in the study of the

variation of di..,., .. ,•1 .. :or Ll capacitance with frequency

for various elcctrol: 3s it is; :h:m.o'tcnt to note from

Table 3.2.1 that in '!li ca!:_Ltur, uxcept those constructed

with platinum iucCLrod(us, thu di3sipation factor decreased

with incruasing fruquency, Ths is attributed to the effect

of electrical cikag,' ol tl:.; .i.l.cci:ric material where its

effective 1,;ra.._l rui.:t nc ir sicli nui to compete with

-he capacitive rc.cc.: t.r dvic a.t lower frequencies.

The decrease iii r-p:,- IL ,'; w3Ji tucrcasL in frequency could

be attributed L" c) n.. ''I:..on brought about by

a possible --sd I'" ]'y,;i of the

dielectric

iEar t, i.. . -. . ., ived that the

interfacia. la.-> :1:&.::.,:-terial and the

-2 .



]I

TAB.LE 3.2.1,
I i i' -

Sample# Electrode Material Frequency g pf D.F.%

1. Platinum 1 KC 893 4.0
10 KC 856 2.8

100 KC 8:37 4.3

2. Platinum I KC 978 3.7
10 KC 945 2.3

100 KC 923 3.1

3. Aluminum I KC 837 4.8
10 KC 808 2.1

100 KC 788 1.9
4. Aluminun 1 KC 654 4.2

10 KC 632 2.0

100 KC 619 1,8
5. Aluminum I KC 717 4.5

10 KC 692 2.5
100 KC 625 1.8

6. Gold I KC 750 4.0
10 KC 735 3.0

100 KC 715 2.5

7. Tin-Gold I KC 813 3.0
10 KC 790 2.1

100 KC 778 0.9
500 KC 775 0.0

-27-



I dielectric contributed heavily to the loss factor. A series

of capacitors constructed with a variety of electrode mater-

ials were investigated. It was determined, however, -that

the resultant dissipation factor as measured at 50 megacycles

per second correlated directly with the sheet resistance of

the electrode material. The problem resolves itself then to

the deposition of stable electrodes to low ohm-per-square

values. To date typical results obtained for small valued

glass dielectric capacitors at 50 mc is presented in

Table 3.2.2.

The RC product of unencapsulated capacitors constructed

with pyrolytic glass films is in the order of 10 ohm farads.

It is expected that encapsulation will reduce surface leakage

currents and further increase this product.

3.3 TANTALUM OXIDE CAPACITORS

Tantalum oxide non-elecLrulyLic' thin-film capacitors

are attractive for usc with integrated circuits because of

the relatively large value of capacitance which they provide

per unit area. Tantalum oxide thin-film capacitors have been

developed to a high degree for use on passive substrates by

Motorola. They provide a capacitance voltage product of 5

-28-
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TABLE 3.2,2,

Electrode Material C, pf D.F.,JQ50MC

Sn-Au alloy 5.8 12.5

Sn-Cu alloy 20 5.0

Cu 13 5.9

Ag 23 5.2

-29-



microfarad volts per square centimeter of substrate area for

I a single dielectric layer capacitor.

The purpose of this Lask is to modify our present techni-

ques to enable the construction of such capacitors on semi-

conductor substrates. The problem areas are:

a. Develop means for depositing adherent tantalum 7
films on semiconducting substrates.

b. Determine methods for attaching electrodes to the
tantalum film to enable anodization of the film in
an electrolytic bath.

c. Deposition of counterelectrodes.

d. Control of dissipation factor at high frequencies.

e. Electrical and aging tests,

Motorola has developed a highly successful technique

for the fabrication of precisU and voltage stable thin-film

Lantalum capacitors. An advance in the art was made when the

Motorola team developed a method of depositing ultra pure

tantalum metal films on glass and ceramic surfaces by vacuum

evaporation. Subsequent controlled anodization and the

deposition of counterelectrodes produce capacitors which

exhibit the following characteristics:

1. Capacitance variation versus temperature
(-55 0C to 150'C) is less than 5 per cent.

-30-
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2. D.C. leakage currents of less than .060
mlcroamperes at 25 vdc, 125°C Zor 0.01 uf
capacitors.

3. Average D.C. leakage at room temperature at
25 vdc of less than .001 microamperes for
0.01 uf capacitors. 'I

4. Dissipation factors at 1 kc in the range of
0.7 to 1.5 per cent over the temperature of
-55 0 C to 125 0 C,

5. Rating of 5 volt microfarads per Aquare
dentimeter at 50 per cent of breakdown
voltages.

The vacuum deposition technique utilizes an electron

beam evaporator and a water cooled anode crucible. This

technique coupled with pIroper substrate cleaning methods

plus the use of a heated substrate make it possible to

obtain well adhering, uniform tantalum films of high purity
o

measuring approximately 3000 A thick. The film is then masked

Lu prevent oxide growth over tantalum areas where electrical

connections are to be made. The films are then anodized in

an eltcLrolytic bath by maintaining the current density at

a fixed low level until the desired forming voltage is

reached when the current is then permitted to drop to zero.

The thickness of the resulting layer is directly propor-

tional to the anodizing voltage. The counterelectrode is

then evaporated over the anodized film, leaving a few
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thousandths of anodized layer exposed to provide adequate

insulation along the capacitor edges. Capacitors can be made

"to tolerances of t5 per cent in the 0.01 microfarad range

using these methods.

3.3.1 Accomplishments for the Reported Period

Effort was devoted during this report period to the

improvement of yield of tantalum film capacitors and to the

reduction of the dissipation factors at elevated frequencies.

Modifications were made in the electron beam tantalum

evaporation equipment which greatly improved the yield of

acceptable capacitors. The modifications were those which

provided for a cleaner vacuum system and a resultant reduction

in the contamination of the deposited tantalum film. The use

of stainless steel masks for delineating the geometry of

the tantalum film appeared to furcher improve the capacitor

yield over that experienced with beryllium copper masks.

This change was recommended in that high vapor pressure copper

oxide which could form on the old mask was suspected as a

source of contamination of the tantalum film. This in turn

would be a source of contamination of the dielectric film

w.iich is formed by subsequent anodization of the tantalum.
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A major effort of this period was devoted to the improve- A

ment of dissipation factor for tantalum capacitors at high

frequencies. As with the glass film capacitors discussed

previously, the major source of loss is attributed to the

7 .sheet resistance of the thin-film electrodes, A major limita-

tion to improving the conductivity of the tantalum electrode

has been the experienced mechanical stripping of thick

tantalum films from the substrate during anodization. Films

deposited to a maximum thickness of 3000 Angstrom units adhere

well to the substrate while those which are appreciably thicker

strip during the anodization process. The thickness and the

resulting sheet conductivity of the tantalum electrode

decrease during the anodizing process when the outside surface

of the tantalum conducting film is converted to the insulating

oxide. In order to obtain low sheet resistance Lantalum

electrodes, a thick layer of aluminum is deposited onto the

substrate prior to the deposiLton oi the tantalum film.

The counterelectrode is constructed of gold which is

bonded to the oxide material by an extremely thin film of

chromium (deposited from nichrome alloy). A series of

capacitors constructed by this manner was manufactured during

this period with acceptable yields. The value of the
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capacitors was 2000 uuf and they were constructed for 50 volt

operation. The leakage current at 10 volts (Ta+) varied

between 1.2 x 10"10 and 2.4 x 10"12 amperes, The dissipation

factors measured at 1 kc varied between 0.06 and 0.37%. This

compares with standard tantalum capacitors which exhibit room

temperature dissipation factors of 0,78 to 0.98 per cent at

I kc,

Aging evaluations and tests at elevated frequencies

will be made during the next report per.od.

3.4 TIN OXIDE RESISTOR FILMS DEPOSITED ON SEMICONDUCTOR
SUBSTRATES

In order to provide thin-film resistors of high value

which occupy a small substrate area, it is required that

resistor films possessing large ohm-per-square values be

developed, Metals and their alloys, duw- to their cxcellent

condtictivity, are limited to providing manufacturable and

reproducible resistive films of 300 ohms per square maximum.

The semicondu'i.Lng materials must be resorted to in order to

provide larger ohm-per-square values. This laboratory has

in the past developed a tin oxide semiconducting film for use

on glass and refractory ceramic substrates which possesses a

sheet resistance of 5,000 ohms per square. The deposition
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temperature and the fact that Group III and V elements are A

also utilized as minor constituents in the film, indicate

that in order to be compatible with semiconducting substrates,

a low temperature deposition process must be developed. The

effort of this program is to be directed along lines currently

under development at Motorola for constructing metal oxide

films at low temperature. The goals of this program are:

a. Develop a low substrate temperature nrocess for

depositing pure tin oxide films.

b. Develop aivtwa for doping the tin oxide films with

Group III or Group V elements.

c. Develop masking and etchigg methods for delineat-

ing the geometry of the resistive films which are

compatible with the semiconducting substrates.

3.4.1 Current: Work

Exploratory work was carried out during this period on

the deposition of tin oxide resistive films by the low temp-

erature decomposition of tin organic compounds. Deposition

was accomplished by painting the pure compound or a solution

of the compound in various solvents onto a substrate. Upon

heating, the compound 'decomposed to form what was considered

to be tin oxide.
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Several tin organic compounds were studied as initial

eompounds from which tin oxide could be formed. The most

successful film form studied produced films which varied

between 8 K and 28 K ohms per square. The deposition took

place at room temperature. The films, however, were physic-

ally unstable to heat in that they cracked and tended to

strip from glass substrates when heated Co 1000 C. Films

formed in a similar manner but doped with a Group V element

exhibited improved physical characteristics and did not

crack when exposed to 100°C Lemperatures.

The conclusions of this qualitative study are that form-

ing of quality S11O 2 resistors films is doubtful by this

method. The apparent shortcomings of this technique are the

lack of control over the composition and nature of the

organo-tin compounrds and lack of control over the reproduc-

ibility of the film forming technique. During the next

reporting period attention will. be focused on the more

appealing vapor phase low temperature deposition of tin

oxide resistive films.
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4.0 SEMICONDUCTOR TECHOLOGY

The success of any large-scale integrated circuits pro-

gram is contingent upon the development of fully passivated

active semiconductor devices which can be interconnected in

a variety of ways to form complete networks within and upon

thu semiconductor material. The fact that the devices are

passivated or protected at their surfaces from the ambient

atmosphere is beneficial. in two ways. first, long-term

stability and reliability of the integrated circuits is

assured, providing it is operated within its clectrical

ratings. This is true even if the encapsulation tor the net-

work develops flaws, since the thin but impervious membrane

covering the semiconductor surface is integral with the

surface in the crystalline sense. Its continuity is inter-

rupted only in non-critical areas to provide ohmic contacts.

Second, great design freedom is afforded the circuit design-

er, for he no longer needs separate chfps of semiconductor

material for each circuit element which must be interconnec-

ted after the diffusion and metallizing steps. With passiva-

ted structures, many desired combinations of active and

passive devices can be fabricated on a single substraLe with

interconnections being formed during the above mentioned steps.
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Only the minimum number of necessary connections are brought

out of the encapsulant, such as those which are needed to

supply pow!er to the module and input-output connections to

attach to subsequent and succeeding parts of the overall

system.-

Considerable effort is being devoted to the development

of these techniques. Early successes have included passiva-

ted planar transistors and diodes fabricated on silicon

epitaxial material. Figure 4-1 shows a condensed process flow-

chart for silicon transistors. In the case of a planar

transistor, the passivation consists of thin silicon dioxide

surface layers formed at three dLfferent points in the

process. The first layer is grown after growth of the

epitaxial high-resistivity film of silicon upon the low-

resistivity substrate. This layer is then removed by etch-

reduction in local regions where diffusion of an impurity

is desired; the base impurity is then diffused into these

regions, being masked everywhere else by the oxide coating.

The diffusion is carried out in an oxidizing atmosphere to

regrow an oxide in the etch-reduced regions, making the

entire surface again passivated. The uxide is again etch-

reduced in local areas within the base-diffused regions, in
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an oxidizing atmosphere. Finally, after emitter diffusion,

the surface is again etch-reduced in local regions to allow

alloying of metallic ohmic contact areas. This in no way

disturbs the passivating qualities of the oxide since the

p-n junctions in the semiconductor material are still covered
- !with the oxide.

Devices fabricated in this manner are characterized by

extremely low reverse leakage currents and high current gain

at low collector'current. Devices with leakage currents of

10.10 ampere at 50% of breakdown voltage and normalized

comibon-emitter current gain of 0.3 at a collector current of

1 microampere are common.

Work in this area is continuing with two major object-

ives. First, further fundamental understanding of passivated

surfaces is required, because complete integrity of the

passivation is not always achieved. Further process refine-

ments will eliminate most of the gross mechanical defects.

Better understanding of silicon-silicon oxide interfaces will

probably suggest suitable process changes to insure maximum

protection against the environment, and provide long-term

operating stability characterized by very low failure rates.

Second, more complicated and useful morphologies are being
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designed and built employing these techniques. Work is pro-

gressing towards the formation of several active and passive

devices in a common substrate, and the intervening passivated

surface areas will be employed to form interconnections

which can be in the form of either simple contacts or passive

networks.

Various sequences of epitaxial layer growth and masked

diffusion are being pursued to obtain further information

concerning the compatibility of these two techniques. For

example, masked diffusion cycles are being performed before,

after, and between epitaxial cycles. Results of these

studies are expected to indicate how complex an integrated

structure can be made using diffusion and epitaxial cycles

in any desired sequence.
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55.0 PHOTOMECHANICAL TECHNOLOGY

A Photographic Facility was designed to include the four

SIbasic steps necessary to fabricate photographic masks. See

Figure 5-1.

The First Step (Drafting Equipment) prepares an image of

the geometry to be used at a magnification which permits a

tolerance variation compatible with the final mask tolerance.

This image is then reduced at the Second Step (Large

Reduction Camera) to a size which is still larger than the

final mask. Since this camera has a reduction capability of

40:1, most masks can be redieed in one simple reduction, thus

eliminating repeated processing which is detrimental to certain

aspects of image definition.

The Third Step was included in this facility for reasons

of device manufacturing economy. The reduced image from the

Second Station is photomultiplied by means of an accurate

photo-contact-repeat mechanism until the required number of

images have been deposited on a photographic emulsion.

The Fourth Step is used to reduce the multiple image to

its final size through a high resolving power objective.

A considerable amount of time has been spent in the align-

ment and calibration of the photographic apparatus described
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Figure 5-1. Basic Steps of Photographic Mask Fabrication
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above. The next objective is currently being pursued in opti-

mising known photographic processes and to improve photo-

graphic techniques.

Currently, the facility supplies the necessary masks for

testing various design approaches of promising geometries for

experimental and integrated circuit use. Masks for multi-

component circuits are in the early stages of fabrication,

These masks will be used for ceramic-insulated multi-lead

header integrated circuits.

The facility is continually improving on its equipment

and personnel competence in order to supply the more complex

masks for integrated circuit work,
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6.0 ADVANCED MECHANICAL TECQHNOLOGY

A Universal Integrated Circuit Wire Bonder was obtained
for wire bonding (attaching minute wires to the metal-

I lized areas on the die) to extremely complicated patterns

u over great distances. In some extreme cases a wire as

I small as .0004 inch in diameter, must be attached from

one area to another which is as much as one-half inch

away. To emphasize the difficulty of this, it: is analo-

gous to holding one end of a 5/16 inch diameter rod 100

yards long and trying to place the other end within a

one-half inch diameter arca. The integrity of these

bonds is such that they are undisturbed during 37,000 G.*

centrifuge tests of the devices. A detailed description

of the bonding machine (see figure 6-1) and its purposes

follows:

I. To make ohmhic contact with n wire varying in size

from .0004" to .002" to a metallized area on an

integrated circuit as small as .6005" diameter as

shown in figure 6-2. The wire is then bonded to

some other part of the integrated circuit or to the

ceramic substrate. This machine will accept any
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Figure 6-1. Thermo-Compression Wire Bonding Equipm-ent
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S

of the standard header packages such as the TO-17,

TO-18, TO-5, 102, etc., as well as separate flat

ceramic substrates.

2. To make ohmic contact from a die mounted on a ceramic

disk to a metallized area on the disk. The present

maximum distance of the separated areas is one-half

inch. See figure 6-3,

3. To wire bond to any location on a .7" diameter

silicon wafer and then leave Lhc wires extended for

later contacts such as shown. These wires may vary

in length to a maximum of one-half inch. See figure

6-4.
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7.0 CERAMIC AND MODULE TECHNOLOGY

Adding the use of ceramics to the existing semiconductorIechnology requires the application of techniques for forming

ceramic metal interfaces and metal semiconductor interfaces.

Alumina and beryllia ceramics, metallized by the "moly

manganese" technique.and then coated with a layer of nickel,

have been produced. A photo resist applied and the metaliz-

ing is selectively removed to tolerance as close as .002

inch, depending upon the metallizing thickness. Alternatively,

processes are available to apply the metallizing selectively

in the desired areas. Equipment is currently being instal-

led to selectively apply the metallizing as well as to uni-

formly coat the ceramics.

The semiconductor dice are bonded to the metallized areas

using gold brazing alloys. The hydrophobic properties of the

ceramic localize the brazing alloy to the desired areas which

are metallized.

Techniques for metallizing are being investigated to

obtain optimum dimensional control as well as good thermal

interfaces and mechanical bonding strength. Sophisticated

techniques are being developed to simplify t1c application of

integrated circuit elements intricate arrays.
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The semiconductor (and other) elements, complete with any

necessary interconnecting wires, are bonded to the ceramic disk.

Metallized regions around the periphery of the ceramic serve

as the contacts for input, output, and power supply connections

to the entire electronic configuration mounted on the ceramic.

As a test vehicle, an eight-pin TO-5 header is being used.

The header is gold plated. The ceramic disk and its completely

inter-connected circuit is bonded to the header and then wires

are attached between the peripheral metallized regions on the

ceramic and the header posts. Eventually other packaging

considlerations will, be evolved. However, at the present time,

this approach requires the development of all the necessary

ceramic-semiconductor technology that will be necessary in

future packages, and also enables testing of state-of-the-art

integrated circuits and combinations of integrated circuits

through the use of known hermetic package tuchnology.

The dimensions of the ceramic disk are (a) thickness -

.020" and (b) dlianmeter - .140".

The ceramic disk is designed to (a) provide elpctrical

insulation frcm the header and between active elements when

required, (b) provide a thermal. conductor from the active

semiconductor elements to the case, (c) provide a surface
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suitable for alloying or otherwise attaching semiconductor

elements and for thermo-compression bonding fine wires, and

(d) provide a suitable platform, when selectively metallized,

to act as the finished mounting facility for the active semi-

conductor elements.

One selective metallization pattern is shown in figure

7-1. A maximum of seven active semiconductor elements may be

mounted and interconnected on this disk. The eight metallized

areas on the perimeter of the disk correspond to the location

bf the eight pins in the header,

The connecting wire may either be bonded directly from

element to post or from element to metallized area to post.
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8.0 CIRCUIT CONSIDERATIONS

Great care is needed in selecting the circuit functions

through which to demonstrate the compatibility of Integrated

Circuit functions. It is the objective in Circuit and Equip-

ment Considerations to select circuits for fabrication that

satisfy the following requirements: (1) Perform a useful

circuit function; (2) Be sufficiently complex to require the

compatibility of a variety of processing techniques; (3) Be

capable of being driven by a practical circuit; (4) Be capable

of driving, or supplying signal to operate a practical circuit

or function; (5) Be superior enough in some desired respect

to justify the use of Integrated Circuitry.

In addition, selected circuits should satisfy the follow-

ing as far as possible: (1) Be capable of realization by

more than one set of Integrated Circuit Techniques; and (2)

Be useful in a number of different equipment applications.

One of the first circuits selected for conversion to

Integrated Circuit form was a three input NAND Logic Function.

This is a digital logic circuit of a type known to be useful

in many applications. All desired Logical functions can be

performed by variovs interconnections of this single design

NAND. Such a logic circuit has the advantage that it can be
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tested and evaluated for compatibility with associated circui-

try by interconnecting a string of similar NANDS.

A schematic diagram of the NAND circuit using conventional

componeaLs is shown in figure 8-1. There are a number of

design features worthy of note. Since this circuit will norm-

ally be drivm-m by one or more identical circuits and will

normally drivw additional identical circuits, the function of

the transistor load rosistor is combined with the function of

the logic supply reusistor. This means that the collector

current for the circuit shown flows from the logic resistor

and associated logic diode of the following module. If all

inputs to the NAND circuit are cut off (i.e. non-conducting),

the current from the combined load nnd logic resistor flows

through the charge storage diode and across the base.-emitter

junction of the transistor to ground. There is always current

flowing through the logic supply resistor and the drop across

it is almost constant. The circuit is turned on by cutting

off the previous stage oi stages wh iclt drew curre.nL through

one or more of the logic diodes. As current through the logic

diodes diminishes, the voltage at the lower end of the logic

supply resistor increases until, it is sufficient to drive

cuz:rtnL Lhtough thie steits cumbinaLion of charge storage
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diode and transistor base-emitter junction. When sufficient

current is diverted from this previous stage or stages to the

present stage, the latter is turned on (and thus pulls collec-

tor current from the following stage).

The charge storage diode serves two purposes. Its knee

of forward conduction, when combined with the forward voltage

drop across the base-emitter junction of the transistor, forms

a voltage threshold below which the transistor remains cut

off. Above the threshold, the incremental resistance of the

two series connected forward b~ised junctions drops rapidly

so that in turning the circuit from off to on or vice versa,

the voltage differential at the bottom of the Logic Supply

Resistor is small. The second purpose of the charge storage

diode is to aid in turning off the stage by removing charge

carriers from the active region of the transistor. The stage

is turned on by cutting off current flow through previous

stages. The attendant rise in diode anode voltage is small

as the circuit is turned on and similarly, during turn-off,

the voltage available to sweep unwanted charge carriers from

the base region of the transistor is also small. Fortunately,

the circuit impedance is also small and the charge stored in
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r the storage diode is able to neutralize that stored in the

S.transistor, resulting in a faster, cleaner turn-off.

In this first Integrated Circuit, all internal circuit

elements are directly accessible from outside the package.

Ultimately, the transit.tor base lead will. not be brought out.

The diode anode and the test point will be retained to permit

multipln connection of rifiuoiCs for the rare cases in which

more than three inputs are necded.

All the semiconductor material is silicon. The logic

input diodes are fast .:umipuer diodes, the base feed diode can

be slow. It must store a charge at least equal to that in

the base of thu! transistor.

The diode-feed resistor cari be made in at least three

different ways:

I. As a deposited thin film upon an unmetallized portion

of the alumina disc, or upon an insulated portion of

thd multi-diode chip.

2. As a bulk region of the multi-diode chip.

3. As a diffused biased field-effect resistor in the

surface of the multi-diode chip, or a thin epitaxial

back-biased layer grown on tLhe surface.
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A three stage discrete component version of this NAND (or

[ "AND-NOT") circuit has been operated successfully at speeds

of l.mc/s with per-stage delays of 20 to 50 nanoseconds. The

circuit can stand +50% variation in supply voltage with only

niodi.nate ihic-aoaa'c in i dc'Ay tiLae. It has accepted fan-in and

fan-out WcE.",in t.uns oi: I-I, I1-3, 3-1, 3-3,

Initi;QLy, th.is circuit cLa, L,: ftbricated on three chips

to permi$ mu:. :tr..glt:'orwa'd fut.,a:tion of fast and slow

diodes. in this ca..(, o,,Iy thu logic diodes are in the inte-

grated for.,.. . clillejing j.o,,sibiiity is to fabricate

it on a , i tglj h"Xyci igi .:stivjty in-ct2rial using reversc.

junctior' i:or iolJJ.ti.on and diffuLJing (or groiir-g) even the

col lector :: gc.

1,n tlw o'C" ,,., o t ci r c urctti. ,n x'itenipt has been made

to opL:ra:UtU,"'. t.: h+.'.L pl'atCtical ci!:cuIJ.t currunt. Operating

L'Ita•; Of i ita coIpU':,cr ]o[,ric ,ULumurint, have bcen decreas-

ilg over t0-' I ,',22.1i Tlu itUZOt of lower power

dc !-aln-1uticr, o,. Surface Pass:Lva-

tiu I, lap:.1.,. L the ui:, maintaining reasonably high

beta •t. e .. '.i...r .' J< t p10..,.t1 embocliment is designed

for l•.[a t~h':'.c-A£u coil ..2,.c junction in the "on" condition.
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The next Integrated Circuit design will be a general pur-

pose high frequency amplifier. Conventional transistors have

F been made to amplify in the Darlington connection as high as

30mc, and the technique of emitter tuning presents the pos-

sibility of extending such multi-transistor action to yet

higher frequencies. The multipled-collector Darlington

connection and its variations have considerable charm in the

eyes of Integrated Circuit designers since a common slab of

semiconductor can be used as collector. Where collectors must

be isulated from each other by more than a few hundred ohms

of practical body resistanco, back biased junctions and

regions of intrinsic material will be uSed. The two latter

cases should be capable of providing approximately 5K ohms

between collectors.

A generic amplifier to fulfill the need for a universal

multi,-purpose device has been designed and breadboardcd. It

utilizes balanced transistor circuitry and has a response

from dc to 0.5 mc,

An investigation of frequency selection methods was

conducted to deL-umine alternatives to the use of thin-film

I inductors in tuned circuits. The most promising approach
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I utilizes polycrystalline piezoelectric ceramic materials as

resonant circuits. Circuits are being breadboarded and inte-

1grated circuits specified and designed
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i •• 9.0 INTEGRATED CIRCUIT TECHNOLOGY

There are often two fabrication steps in the development

of integrated circuits: 4-
t.•

(a) The separate pellet approach, in which the semi-

conductor active elements are each on separate

pellets and the interconnections between active

elements are all formed by fine wires bonded from

element to element.

(b) The single slab approach, in which all semiconduc-

tor active elements are on a single slab of semi-

conductor material with a combination of (1)

interconnection between active elements formed by

metallized areas on the single slab, (2) intercon-

nections within the body of the semiconductor, and

(3) interconnections between active elements formed

by fine wires bonded from element to element.

The separate pellet approach is necessary as an experimen-

tal step in determining the best way in which a circuit or

system shall be subdivided into integrated circuit components.

When operating groupings of devices arc found that permit

fabrication into an integrated structure, they cswi be built

] ,..62-
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SI that way. Extensive testing and redesign of the integrated

I J• circuit will generally still be necessary to "tame" the para-

sitics that occur when going from the separate pellet to the

integrated circuit approach. Also, the process capabilities

available will determine the feasibility of making a particu-

lar integrated structure.

Circuits have been fabricated using both separate pellet

and integrated circuit approaches. Figure 9-1 is a photo-

graph showing an interconnection from diode to diode by a

thin aluminum film. An insulating layer of SiO2 covers the

slab except for the .002" x .006" holes through which the

aluminum to silicon alloy has been formed. This Si02 layer

acts as a mask during the diffusion processes, as well as

protection for the junction. There was good adherance between

the thin aluminum film and the Si02 layer. The main purpose

of these structures, many of which were made, was to develop

the technology for producing metal film conducting contacts

between exposed silicon areas. The metal films must make ohmic

contact to the silicon, adhere to thc, silicon and silicon

I dioxide, maintain its geometry upon alloying to the Si and

I S102, and still leave an insulating Si02 layer in areas etched

away after alloying. These studies have yielded meta]lizing

i
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Figure 9-1. Interconnection by Thin Aluminum Film
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Figure 9-2. Integrated NOR Circuit on Single Silicon Slab
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I Figure 9-3. Multiple Transistor Darlington Amplifier Structure
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~ I processes that meet all the above requirements, and hence can

be applied to integrated circuits in general. Further work

is necessary in order to work with thinner oxide layers

(<5000A) and finer metal geometries. An interesting, and

perhaps useful, observation was that if alun&±num is used as

the metallizing agent, and alloying takes place at too high

a temperature, thu Al reduces the Si02 to form an AI-Si

alloy. This can't be seen on the surface, but has a sheet

resistivity low enough to be used for resistors.

Figure 9-2 is a circuit dingram of an integrated circuit

which has been built on a single slab of silicon but with no

thin metallic film interconnections. All connections are

provided by thermo-compression bonding a wire from element

to posit. The circuits and slab consist of six active elements:

1 transistor and 5 diodes. The eight bonded wires are attach-

ed from active semiconductor element to post. The transistor

is the element to which two wires are bonded and is in the

lower left corner of the slab. The other structures are the

diodes. The cathodes of the five diodes are common with the

collector of the transistor.

Figure 9-3 is an illustration of the structure for a

multiple transisltor acmiplifier using the Darlington connection.
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[1

The planar passivated technology lends itself readily

S•Ii to conversion to processes. The next logical step in build-

ing integrated circuits is to include resistors and capacitors

in the circuit.
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10.0 SUMMARY OF PROJECT MAN HOURS EXPENDED DURING FIRST

. QUARTE~R

ApproximateArea of Effort Man Hours
Expended

Thin Film Development 4..200

Circuit Analysis 1,000

Material Investigation 4,000

Technology 1,500

Total 10,700

-
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APPENDIX A

STHIN FILM RESISTOR POWER DISSIPATION ¶

The thin-film resistors considered in this appendix are

of the undoped tin oxide type.

Measurements were made under two conditions:

1. Four (4) substrates: 2 of Futo-ceram mateiial

and 2 of fused quartz were supported by terminal

leads in free space. Precautions were taken to

prevent air drafts from affecting results.

2. One (1) Foto-ceram substrate was attached to a

small. aluminum block 2 x 2 x 0.25 inches. A

small amount of Dow Corning DC 4 Silicone grease

was iisd to provide thermal conduction to the

aluminum bhock. Heat removal from the Sink

was through radiation and convection processes.

Each substrate contained 5 Undopecd tin oxide resistors

varying in area from 10 x 20 square mils to 160 x 320 square

mils. Figure A-1 is a sketch of the substrate showing relative

positions and sizes of the zubject resistors.

The resistors were evaluated by applying incremenLal

currents (2 mil ampere steps) and measuring the subsequent

D.C. voltage across the resistor, Input power was increased
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40 X 80
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10 X 20

I II COMMON

RESISTOR LAYOUT

Figure A-1
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to a point where either the resistor was destroyed or marked

-+ 7 change in resistance became evident.
X

Figure A-2 through A-6 are plots of measurements taken

and are in order of increasing areas. The asterisk appearing

-t the end of a number of curves indicate those units which

were destroyed. The circled numbers indicate the substrate

material, 1 and 2 were on Fused Quartz, while numbers 3 and

4 were on Foto-ceram. Results of the tests, using the alumi-

num block as a heat sink, are shown in Figure A-7.

Rough estimates of power dissipation levels can be madw

from the curves. The table below does not take into account

items such as derating factors for elevated temperature, but

rather is indication of what might be considered safe bench

operation levels.

AREA DISSIPATION IN AIR(WATTS) HEAT SINK ATTACHED(WATTS)

l0 x 20 .05 0,2

20 x 40 0.10 0.4

40 x 80 0.20 1.0

80 x 160 0.30 1.5

160 x 320 0.50 2.0
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APPENDIX B

i•IPRELIMINARY REPORT ON A SURVEY OF ELECTRONIC CIRCUITRY

1.0 INTRODUCTION

1.1 A catalog of 30 generic circuit functions has been

compiled by preliminary appraisal of existing circuitry. This

study examines these functiont to determine their validity and

proposes additional functions where required.

1.2 The objective of this study is to determine the

frequency of occurrence of the generic circuit functions and

combinations of circuit functions.

2.0 CONCLUSIONS

2.1 The most frequent circuit function is the amplifier.

The most frequent combinations are the amplifier-impedance

transformer and the impcdance transformer-amplifier-impedance

transformer. A single circuit embodying thuse characteristics

is an amplifier with high input resistance and low output

resistance" Other circuit functions occurring frequently

enough to justify attention are tabulated in Figures 3, 4,

and 5. It is recommended that ,ttention be directed only to

the most frequent functions or combinations and that no sig-

nificance be attached to small differences in frequency since

I



many variables were uncontrolled. Certain types of equipment,

SI ECM, CECM and Telemetry, were not surveyed because the neces-

U sary schematics were not available. Therefore, some circuit

functions common in these equipments do not appear in the

results of this survey.

3.0 GENERIC CIRCUIT FUNCTION ANALYSIS

3.1 The list of 30 generic circuit functions was studied

in order to improve it by validation or elimination of funce..

tions and by riddition of new functions.

3.2 Since digital circuitrly in general requires only

gates, flip-flops and inverters, the digital functions have

been eliminated from the list and not considered quantitatively.

If digital circuitry is called for, these elements will be

required in large quantities.

3.3 The function "Radiation or Absorbtion" is not gener-

ally implemented within an electronic package. The function

Radiation is retained, however, to accommodate changes in the

state of the art.

3.4 Functions which are not mutually exclusive, rectif-

ication and signal detection for'example, are retained because

no better method of describing Lhe functions has been devised.
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3.5 The function "Tuning or Control" has been classified

as a modifying function. Because of its general nature, it

L provides little guidance in this study but is retained on the

list for possible future use,

3.6 Additional functions which appeared during the survey

and have been added to the list are power amplification and

phase shifting. The function list as amended appears as

Figure 1.

4.0 ELECTRONIC EQUIPMENT SURVEY

4.1 Because of the limited scope of the study, the

equipment survey was arbitrarily confined Lo Motorola military

electronic equipment in design, production, or recently

delivered. Expansion of the s.,rvey to include a wider range

of equipments could be accomplished without difficulty,

although the data reduction effort would increase. The study

was also limited to determining the types of functions occur-

ring and numerical characteristics such as bandwidth or gain

are omitted. Figure 2 lists the equipments studied.

4.2 The survey was implemenLed by examining the equip-

ment schematics circuit by circuit and recording the circuit

functions performed in the order of signal flow or data trans-

fer.
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5.0 DATA REDUCTION AND RESULTS" ~H

The frequency of occurrence of each circuit function

was obtained by scanning the data and summing the individual

events. The frequency of occurrence of pairs and trios of

circuit functions was accomplished similarly. Tabulated

results appear in Figures 3, 4, and 5.
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FIGURE 1

FUNCTIONAL ELEMENT LIST

* •Description

Number Function

1 Frequency Generation

2 Pulbe Generation

3 Voltage Amplification

4 Rectification

5 Impedance Transformation

6 Radiation

7 Attenuation

08 Frequency Modulation

9 Phase Modulation

10 Amplitude Modulation

11 Signal Detection

12 Signal Mixing

13 Pulse Counting

14 Is;olation or Circulation

15 Amplitude Limiting

16 Bandwidth Limiting
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FIGURE I (cont.)

FUNCTIONAL ELEMENT LIST

Description

Number Function

17 Analog Addition

18 Analog Multiplication.

19 Deleted

20 Deleted

21 Long Time Signal Storage

22 Short Time Signal Storage

23 Tuning or Control

24 Frequency Multiplication

25 Frequency Discrimination

26 Swit.zhing or Gating

27 Signal Transmission Line

28 Electro-Mechanical Trans.

29 Electro-Optical Transducer

30 Signal Sampling

31 Power Aiaplification (added)

32 Phase Shifting (added)
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FIGURE 2

MOTOROLA EQUIPMENTS STUDIED

SF I. Transponder Set, AN/APX-47 B58 A/G IFF

2. C Band Instrumentation Transponder - Bomarc

.3. Panoramic Data Receiving Set, AN/URM-126

4. Field Strength Meter, AN/URM-139 (XN-I)

5. Radio Central, AN/MRIC-66

6. Convair Beacon - Acquisition

7. Transponder Set, AN/DRN-ll

8.o PCM Coder for Hio-SAtelite and Space Vehicles

9. NASA Space Receiver

10. Mark I Transputidekr

11. Ranger RA3 Data Encoder

12. Sarah Guidance

13. Radar Guidance Transponder, XIM-99B

14. Transponder Set, AN/AFPX-48 B58 A/A IFF

15. Radar Surveillance Set, AN/DPD-3

16. Transponder, SST-102A, AN/DPN-66

17. Transponder, SST-114

18. AN/APN-132 Radar, Nay.

19. Radar, Mapping, AN/APS-94
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FIGURE 2-(cont.)

MOTOROLA EQUIPMENTS STUDIED

20. Radar Target Indicator AN/APS-94

21. Radar Data Receiving Set, AN/TKQ-1

22. Radar Data Transmitting Set, AN/AKT-16

23. Command Receiver, MCR-302B

24. Command Receiver, MCR-401 AN/DRW-17

25. Target Aircraft Tracking System, AN/URS-1

26. DASH

27. Airborne Transmitter, T-716/DRT
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FIGURE 3

V' INDIVIDUAL CIRCUIT FUNCTION FREQUENCIES

Description Frequency of
Number Function Occurrence

3 Voltage Amplification 506

5 Impedance Transformation 328

23 Tuning or Control 162

26 Switching or Gating 112

16 Bandwidth Limiting 108

15 Amplitude Limiting 87

4 Rectification 54

1 Frequency Generation 47

12 Frequency Mixing 47

31 Power Amplification 42

i1 Signal Detection 37

2 Pulse GeneratLion 33

22 Short Term Storage 32

24 Frequency Multiplication 21

10 Amplitude Modulation 1I

25 Frequency Descrimination 14

29 Electro-Optical 13

-85-



FIGURE 3 (cont.)

INDIVIDUAL CIRCUIT FUNCTION FREQUENCIES

W Description Frequency of
Number Function Occurrence

27 Transmission Line 12

21 Long Term Signal Storage 9

7 Attenuation 9

13 Pulse Counting 8

17 Analog Addition Integration 7
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FIGURE.4

CIRCUIT FUNCTION PAIRS

Description Frequency of

Numbers Functions Occurrence

3 - 5 Amplifier-Impedance Transformation 156

5 - 3 Impedance Transformation-Amplifier 72

3 - 23 Amplifier-Tuning/Control 62

23 - 3 Tuning/Control - Amplifier 49

4 - 16 Rectification-Bandwidth Limiting 39

16 - 3 Bandwidth Limitung-Amplifier 35

5 - 4 Impedance Transformation-Rectification 35

3 - 15 Amplifier - Amplitude Limiting 29

3 - 26 Amplification Switching/Gating 29

3 - 16 Amplifier-Bandwidth Limiting 25

26 = 3 Switching/Gating - Amplification 25

5 - 26 Impedancc Transformation - Switching 24

15 - 3 Amplitude Limiting-Amplification 23

5 - 23 Impedance Transformation - Tuning/
Control 22

3 - 31 Amplification-Power Amplification 21

11 - 3 Signal Detection - Amplification 19

16 - 15 Bandwidth Limiting - Amplitude
Limiting 17
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FIGURE 4 c~

p CIRCUIT FUNCTION PAIRS

- Description Frequency of
Numbers Fv :irt ion s Occurrence

23 - 5 Tuning/Control-Impedance Trans-
formation 17

26 - 5 Switching/Gating-Impedance Trans-

formation 16

3 - 12 Amplification - Signal Mixing 13

1 - 3 Frequency Generation-Amplification 13

12 - 3 Signal Mixing - Amplification 13

3 - 11 Amplification - Signal Detection 12

5 - 22 Impedance Transformation - Short
Term Signal Storage 11
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A FIGURE 5

CIRCUIT FUNCTION TRIOS

Description Frequency of
Numbers Function Occurrence

3 - 5 - 3 Amplifier-Impedance Transfor-
mation-Amplifier 24

5 - 3 - 5 Impedance Transformation -
Amplifier - Impedance Transfor-
mation 15

3-- 5 - 26 Amplifier-Impedance Transfor-
mation-Switching 11

3- 5- 15 Amplifier-Impedance Transfor-
mation-Amplitude Limiting 11

3 - 5- 23 kaplifier-Impedance Transfor-
mation-Control 9
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APPENDIX C

THIN FILM COMPONENT VALUES REQUIRED
FOR INTEGRATED CIRCUIT DESIGN

This investigation was undertaken to obtain a comparison

of the range of thin film R, C, and L component values

presently attainable, or soon to be attainable, with the

range of component values used in common transistor circuits.

Thus we can evaluate the proportion of commonly used circuits

compatible with the thin film techniques as well as reveal

any inadequacy in the presently planned pilot line.

To insure a random and relatively unbiased selection of

circuits, all circuits (124) in NAVSIHIPS 93484, "A handbook

of Selected Semiconductor Circuits," were investigated.

Twcnty-four AC-DC und DC-DC power supply ,circuits were sub-

sequently discarded as being entirely incompatible with the

thin film technique because of large transformers and large

values of capacitance. The 100 remaining circuits were

analyzed to determine the average number of -resistors and

capacitors per circuit and the average number in selected

ranges of resistance and capacitance per circuit. The results

of this analysis are given in tabular form in Figure 1.
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Resistors

Resistances of over 250KQ will probably present problems

if Sn 02 of 5000 ohms/square is used. Fortunately, these

large resistances are used very little except in DC and low

frequency amplifiers. Resistance values of over lOOKQ are

probably more of a convenience than a necessity and the lack

of extremely high resistance values should not hinder circuit

.design.

Figure 1 demonstrates that the range of resistance cov-

ered by the 5000 ohm/square Sn 0 2 film (I000'2 to 10OK2)

covers the majority of the resistance values required, This

figure also reveals that in addition to the Sn 0 2 resistors,

each circuit will require an average of one to two resist-

ances in the 1000 to 1000ý. range as well as an average of

one in the 0 to 100Q range for the amplifiers. The 0 to 30Q

range can be provided by the gold chrome conducting film

which has a resistance of about 3 ohms/square. The 30 ohm

to 500-1000 ohm range will probably be required one to three

times per circuit (subsLrate) and makes a resistance material

in the order of 200 ohm/square necessary.



Capacitors

The capacitor data of Figure 1 indicates that, with the

exceptions of switching and logic circuits, large capacitance

values will present problems. Values of capacitance over

0.1 mfd to 0.2 mfd are felt to be impractical and values of

over 0.02 mfd should be avoided if possible. The need for

large capacitors can, in many cases, be eliminated by circuit

selection and design. In many cases, capacitors may be

replaced by diodes or active elements.

If200mmfd is assumed to represent a practical crossover

value based on minimum area consideration, (from SiO2 to

tantalum) it is probable that two Tantalum capacitors will be

required for every SiO2 capacitor.

Inductors

The inductances listed in Figure 1 are divided into two

classes; values under 10h which may be considered feasible

for present thin-film techniques, and values over lO'h which

are not presently attainable. Nearly 50 per cent of the

inductances used in these sample circuits are too large for

thin film techniques. As is the case for capacitors, this

problem may be minimized by circuit selection and design.
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Conclusions

The addition of a low resistance (200 ohm/square) Nichrome

evaporaticri station to the presently planned pilot production

line will probably satisfy most design requirements.

The large value capacitance and inductance problem may

be largely imaginary, i.e., these values were used in the

designs studied because they were available but sizes could

be greatly reduced if this reduction would result in advan-

tags cormmensur...Ate witt the added complexity. It would be

desirable to gain more experience in Integrated Circuit

design before high L and C values are established as a

priority requirement.
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